Haemagglutination reactions for the diagnosis of syphilis were first reported by Blumenthal (1932) and Bachmann (1932) , who used an extract of syphilitic liver as the antigen. However, the test yielded both false positive and false negative reactions, rendering it of no diagnostic value. An agglutination test with suspensions of Reiter treponemes was used for testing cerebrospinal fluid by Roemer and Schlipkoter (1953) . Lamedica and Robert (1957) Rathlev (1965) .
The present study summarizes results obtained from investigations on 300 human sera, including normal, syphilitic, and several non-treponemal or biological false positive specimens. This paper also reports the results of controlled animal experiments which show the correlation between the types of antibodies produced during the course of immunization, and the titres obtained in serological tests utilizing pathogenic treponemes as antigen.
Material and Methods

Antigens
(1) Pathogenic Treponema pallidum Pathogenic treponemes of the Nichols strain were cultivated in rabbits by infecting the testes. Upon development of orchitis, usually 8-10 days after injection, the rabbits were killed, and the testes removed, cut, and shaken with 0 85 per cent. saline for 20 minutes. Treponemal suspensions thus obtained were purified from the various contaminants by differential centrifugation as described by Rathlev and Pfau (1965) . Treponemes were re-* Received for publication April 11, 1967. suspended in phosphate buffered saline, pH 6-4, to yield suspensions containing 1 x 108 organisms/ml. These were subsequently disrupted by ultra-sonication (10 Kc, 15 min. Kasamatsu, 1966) were tried. However, in our procedure, these often produced nonspecific agglutination of normal control erythrocytes. Hence only inactivated, pre-adsorbed normal rabbit serum (1 per cent.) was used to dilute the sera.
Controls
A standard human syphilitic serum as a positive control and a standard normal serum as a negative control were always investigated in each experiment to test the reproducibility of the procedure.
Haemagglutination-Inhibition Reaction
Results of the haemagglutination test were further checked by a haemagglutination-inhibition reaction. This was done by pre-incubation of the antiserum, or preferably its serial dilutions, with the specific antigen before addition of sensitized cells. 0 1 ml. (1) The standard routine tests (STS) like complement-fixation with cardiolipin antigen (WR), Kahn standard reaction (KR), and Meinicke reaction (MR), which utilize non-treponemal lipoidal antigens (Schmidt, 1951) .
(2) The Treponema pallidum immobilization test (TPI) as modified by Nielsen (1957) and the fluorescent treponemal antibody (FTA500) test (Deacon, Freeman, and Harris, 1960) , which use pathogenic treponemes as the antigen. Table I presents results of the six tests on sera from some of the patients investigated. These were chosen from different stages of syphilis. A detailed (Table II) . These were specially selected from a FTA evaluation study, and were known to give conflicting results in various tests (Nielsen, Bentzon, and Larsen, 1967) . Since a crucial test for the specificity of a serological method is its performance with the biological false positive sera, it was of interest to study the results of HA with these sera and compare them with results of other tests.
As shown in Table II , haemagglutination results agree closely with the clinical findings, and perfectly with the results of TPI test, which is accepted as the most specific of all the current tests for syphilis (Nielsen and Reyn, 1956 ).
The high specificity of the haemagglutination results obtained is probably due more to the chemical nature and specificity of the antigen than to the method per se. Close agreement between the results of the TPI and HA tests indicates that perhaps the immobilisin-producing antigen is also the main antigen involved in the latter. This hypothesis is supported by the haemagglutination-inhibition tests. Pre-incubation of the antisera with pathogenic treponeme lysate completely inhibited agglutination of sensitized erythrocytes. However, pre-incubation of the antisera with either Reiter treponeme lysate or Reiter protein at different concentrations only partially inhibited the agglutination, thus demonstrating a lack of absolute specificity of Reiter antigens against syphilitic sera. On the other hand, tanned erythrocytes sensitized with Reiter antigens were agglutinated by rabbit anti-Reiter sera. In this case, haemagglutination was completely inhibited by pre-incubation of rabbit anti-Reiter sera with Reiter antigens, but not with pathogenic treponeme lysate.
In the case of biological false positive sera, the disagreement between the results of TPI and HA on one hand, and of the STS and FTA (200) Table II , the latter still shows an occasional non-specific reactivity. The non-specific antibodies which are produced in "auto-immune" diseases in consequence of pathologically altered tissues, do not seem to be effective in the HA test. The explanation can be perhaps found in the selective affinity of tanned erythrocytes for proteins or protein-polysaccharide complexes rather than for lipid antigens. It is not unlikely that tanned erythrocytes conjugate preferentially with the "protein-rich" antigens, thereby excluding, so to say, the lipid components of the treponemes from taking part in the reaction.
The sensitivity or the ability to detect syphilitic antibodies as a positive reaction was also satisfactory with the HA test. Sera from immunized rabbits were analysed for the type of antibodies present, and the competence of HA, TPI, and FTA (200) tests in detecting early antibodies was investigated (Table  III) .
Ten rabbits (Group A) were infected with pathogenic treponemes and six other rabbits (Group B) were immunized with the same number of killed treponemes. From the sixth day after injection, sera from the immunized animals were collected and investigated in the three tests. An aliquot of each sample was centrifuged in a sucrose density gradient (Kunkel, 1960) 
